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채널추정 오류를 고려한 MISO Pre-Rake TDD-CDMA 

시스템의 성능

정인철* 정회원

Performance for MISO Pre-Rake TDD-CDMA system with Channel 
Estimation Error

Incheol Jeong* Regular Member

요  약 

복수의 안테나를 사용하는 Pre-Rake CDMA 시스템은 복잡한 RAKE 합성기를 수신기에서 사용하지 않아도 좋은 수신 성능을 얻을 

수 있는 장점이 있다. 그러나 Pre-Rake 시스템은 채널 추정오류에 크게 영향을 받기 때문에 시스템 성능 평가에 있어서 채널추정 

오류는 반드시 고려되어야 한다고 볼 수 있다. 본 논문에서는 채널추정오류를 가지는 MISO Pre-Rake CDMA 시스템을 이론적인 

해석을 통하여 분석한 후 도출된 결과를 컴퓨터 시뮬레이션을 이용해 얻은 결과와 비교한다. 이론적인 해석결과로 볼 때, Pre-Rake 

시스템의 성능은 진폭오류 보다는 위상오류에 의한 영향을 크게 받는 것으로 확인되었다. 

Key Words : Pre-Rake, Channel estimation error, MISO, Multipath fading, CDMA, TDD

ABSTRACT

Pre-Rake CDMA system using multiple transmit antenna provides a good system performance without equipping a 
complicated RAKE combiner at the mobile receiver. However, the performance of the Pre-Rake systems are significantly
affected by channel estimation error so that the effect of the channel estimation error should be considered and analyzed for 
evaluating the system performance. In this paper, MISO(Multi-Input Multi-output) Pre-Rake CDMA system with channel 
estimation error is analyzed by numerical analysis and the results are compared with that of the computer simulation. From 
the numerical results, it is found that the performance of the Pre-Rake system is more affected by the phase error than the 
amplitude error.
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I. Introduction

In mobile communication system diversity techniques 

are often used to improve the system performance in a 

fading channel. As a transmit diversity, Pre-Rake 

Diversity can be utilized at the base station (BS) to reduce 

the complexity of the mobile unit. The Pre-Rake 

combining method has been firstly proposed in [1] and 

several transmit diversity techniques for TDD-CDMA 

(Time Division Duplex-Code Division Multiple Access) 

systems have been proposed in [2][3]. Pre-Rake diversity 

is used not only in CDMA system but also in UWB (Ultra 

Wide Band) systems. The Pre-Rake scheme for UWB 

communication systems are shown in [4][6][7]. An 

experimental result for Pre-Rake combiner using UWB-IR 

(Impulse Radio) has been also shown in [8].

In [2] two Pre-Rake transmit diversity schemes which 

utilize both path and space diversity have been proposed 

for TDD-CDMA. The transmit diversity system 2 which 

uses all antennas for Pre-Rake combining 

(MISO-Pre-Rake system) has been analyzed for 

multi-user condition in [5] and then it has been found that 

the system 2 outperformed system 1, which transmits a 

signal by using one selected antenna, in multi-user 
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environment.

On the other hand, channel estimation is an important 

factor for Pre-Rake systems since it affects a system 

performance significantly. For single antenna system the 

performance of Pre-Rake CDMA under imperfect channel 

estimation has been studied in [9]. However, Pre-Rake 

CDMA with channel estimation error has not been studied 

for multi-antenna system. Therefore, in this paper, we 

analyze the system performance for multi-antenna 

Pre-Rake system with channel estimation error by using 

numerical analysis and computer simulation. The 

numerical results are also compared with that of the 

computer simulation.

This paper is organized as follows.  Channel model and 

channel estimation error model is described in section Ⅱ 

and Pre-Rake CDMA with channel estimation error is 

analyzed by numerical analysis in section Ⅲ. The BER 

performances obtained by numerical analysis and 

computer simulation are shown in section Ⅳ. Finally, 

conclusion is given in section Ⅴ.

 

Ⅱ. TDD Channel

Fig. 1. Pre-Rake Combining Process

Fig. 2. Channel Estimation Error Model 

1. Channel Model

We utilize the simplified tapped delay line multipath 

channel model of [10]. The reverse channels are assumed 

to be statistically independent for all users. Also with the 

utilization of reverse link power control, we assume that 

all channels are statistically identical, even if the mobile 

units are at different distances from the BS. The complex 

low-pass impulse response of the channel for antenna   

of user   is given by

  




      (1)

where   is the number of channel paths, the path gains 

  are independent identically distributed (i.i.d.) 

Rayleigh random variables (r.v.'s) for all ,   and , the 

angle   are i.i.d. uniformly distributed in   and 

the   is the PN code chip duration. Without loss of 

generality, we can take the normalization   

2. Channel Estimation Error

In the TDD systems the channel is estimated by BS 

during the uplink period and the estimated signal is used 

for Pre-Rake combining in the downlink. The Pre-Rake 

combining process is shown in Fig.1. In case of perfect 

channel estimation the received signal shows perfect MRC 

diversity combining result but in case of imperfect channel 

estimation with channel estimation error the received 

signal does not show perfect combining result any longer. 

Even though the channel estimation is perfectly performed 

in the BS, the error in channel estimation is found in the 

MS (mobile station) since the mobile channel is always 

time variant and the channel estimation error is depend on 

how fast the channel changes.

The channel changes can be measured by Doppler 

frequency and the time interval between up and downlink. 

In this paper, we consider the error model of channel 

estimation in [9] and show the model in Fig.2. If the 

channel estimation error is considered, the estimate of the 

complex paths gain   is given by


        (2)

where   is a real r.v.'s, a log normal function [11] with 

a 0-dB mean and variation 
 , and   is treated as 

Gaussian r.v.'s with 0 mean and variance 
.
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Ⅲ. MISO Pre-Rake CDMA

Fig.3 shows the transmitter model for MISO Pre-Rake 

CDMA using multi-antenna. The system consists of M 

multiple antennas and the same number of Pre-Rake 

combiners at the BS. In the forward link, all the antennas 

are used to transmit the signal. At the pre-rake combiner, 

the pre-rake taps are weighted for each antenna by using 

the parameters which is estimated in the previous uplink 

time slot. The outputs of the pre-rake combiners are 

transmitted by the corresponding antenna. For each user, 

the transmit power is always kept to be equal.

Fig. 3. Base Station with MISO Pre-Rake Combiner 

The downlink transmitted signal for user k can be 

represented by

 



 









  

⋅ 

  (3)

where P is the transmitted power,   is the carrier 

frequency,   is the differentially encoded data stream 

for user k consisting of a train of i.i.d data bits with 

duration T which take the values of ±  with equal 

probability. The current bit is denoted by 
  while next or 

previous bits are denoted by adding or subtracting the 

superscripts by 1.   is the spreading code of user   

with ±1 chips of duration   and code length 


. 

The normalizing factor   in Eq.(3) that keeps the 

instantaneous transmitted power constant is given by

  










 .                (4)

In downlink, there exists channel estimation error in 

MS receiver so that the Eq.(3) will turn to be

 



 








  

⋅

  (5)

where

  











.               (6)

Assuming a CDMA system with K users, the received 

signal at user 1 in downlink is given by

 














⋅    

(7)

where   is the zero mean AWGN (Additive white 

Gaussian noise) with two sided power spectral density  




. From Eq.(7), we can see that channel output includes 

   paths with a strong peak due to    at a delay 

equivalent to        and only one MF(Matched 

Filter) is needed to tune to this path. The output of user 

1 MF is given by




 

 



  

(8)

where   is the self interference due to multipath,   is the 

multiple access interference, and   is a zero mean 

Gaussian r.v. with variance 


.   is the desired part 

for the current bit given by the    part of   and 

   in Eq.(8). After some manipulations   is 

given by







                  (9)

where

 









             

Using Gaussian approximation we treat   and   as 

Gaussian r.v.'s. It is readily shown that   and   have 

zero mean, hence, we are only interested in their 

variances.

1. Self Interference

This interference exists in a single user system and is 

caused by multipath. From Eqs.(5)-(8),   is found by 

putting    and ≠.   can be written by
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 



 










≠






⋅  

⋅






 (10)

where








 


  ≥ 




   

(11)

In Eq(11),   is the discrete aperiodic 

cross-correlation function defined in [12]. Denoting 

  by   and utilizing 

   we can get 

 




 
















⋅  

⋅





  

   (12)

Taking the second moment of Eq.(12) we can get 

 






















 




























 









 

  

(13)

where 

 















 



  















 




2. Multiple Access Interference

The multiple access interference A due to other users is 

found by the     part of   in Eq.(8). After some 

manipulation, the interference is given by 



 























⋅  

⋅






  (14)

Eq.(14) can be divided into two parts. They are given by

 



 


















⋅  


            (15)

≠ 



 























⋅  
⋅




  

⋅




(16)

If we use orthogonal codes such as Walsh-Hadamard 

codes in this system, the second moment of Eq.(15) and 

Eq.(16) is given by

  













⋅










 

 
 












 

 
 

(17)

where Q is given by for all   by

  







 











 







  ⋯   ⋯ 

    (18)

We can find this by noting that   are i.i.d., and 

  for all   and . From the definition in Eq.(6), we 

can find that











  .              (19)

After some manipulations, Eq.17 is found to be 

  



    (20)

Assuming   in Eq.(8) as Gaussian r.v., we can find 

that the probability of error for BPSK, conditioned on 

      ⋯    ⋯   
is given by

       

     .       (20)

In Eq.(20)   is the signal to noise ratio given by 




, where   is the variance of the r.v. 

. After some manipulation,   is given by


⋅




























 (21)

where 


 is th average received signal to noise 

ratio. The probability of error,   is evaluated from Eqs. 

(20) and (21) using the Monte-Carlo method.
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Ⅳ. BER Results

In order to evaluate the system performance, numerical 

analysis as well as computer simulations are utilized and 

compared with each other. For numerical analysis, the 

BER is evaluated by using Monte Carlo method [13]. At 

each iteration, ×   Rayleigh r.v.'s for , ×   

Rayleigh r.v.'s for , and ×   Gaussian r.v.'s for 

  are computer generated. Then,   is found and 

substituted in Eq.20. For each value, Eq.20 is averaged 

over a sufficiently large number of iterations. For 

computer simulation, the parameters in Table 1 are 

utilized. The time slot and the burst structures for 3GPP 

TD-CDMA system are used for the computer simulation. 

In this simulation, a long spreading code with   long is 

also used for the Pre-Rake system. The BER results of 

the computer simulation are compared with that of the 

numerical analysis.

Wirelss access scheme CDMA/TDD

Time slot length 0.667[ms]

Transmit chip rate 3.84 [Mchips/s]

Spreading code
Short: Walsh Hadamard (SF=16)

Long: 2
19
 M-sequence

Modulation BPSK

Uplink channel estimation Perfect

Number of paths
2, 4 Rayleigh fading

(1 chip delay, equal path gain)

Max. Doppler frequency 30~120Hz

No. of antennas 1~4

Table. 1 Simulation Parameters

1. Parameters for Channel Estimation Error

To compare the simulation results to that of the 

numerical analysis, the parameters including the amplitude 

error and the phase error should be examined. The 

amplitude error can be written as

 




       

       


In this paper, the prediction method was not used for 

downlink channel estimation. If there is no error in 

channel estimation, the amplitude error and the phase 

error will be     and  , respectively. Fig.4 shows an 

example of PDF (probability density function) for   

obtained by computer simulation under the condition of 

  , 3 time slot up/downlink interval, and 10000 

samples simulated. From the figure we can find that the 

amplitude error shows log-normal distribution. Therefore, 

  should be treated as a real r.v.'s with log-normal 

distribution. Fig.5 shows an example of PDF of   obtained 

by computer simulation under the condition of 

  , 3 time slot up/downlink interval, and 10000 

samples simulated. In this figure, it is noticed that the 

distribution of phase error is not uniform but Gaussian.

Fig.6 show the BER versus Maximum Doppler 

frequency for the case of 4 time slots (1antenna, 4 paths, 

1user), where the BER performance degrade as the 

Maximum Doppler frequency increases. This is because 

the amplitude error and phase error increase as the 

Maximum Doppler frequency increases. The variances of 


  and 

  which is related to amplitude and phase errors 

are shown in Fig.7 and Fig.8 for varying Maximum 

Doppler frequencies.

Fig. 4. Example of PDF for  measured at the MS

(Simulation) 

Fig. 5. Example of PDF for  measured at the MS 

(Simulation)
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Fig. 6. BER vs. Maximum Doppler frequency

Fig. 7. 
 [dB] vs. Maximum Doppler frequency

Fig. 8. 
 vs. Maximum Doppler frequency 

2. Comparison of Simulation Result and 
   Analysis Result

For the Pre-Rake system with 1 antenna and single 

user, computer simulation is carried out and the BER 

performance is compared with that of the numerical 

analysis. Fig.9 shows the BER performance for the case of 

4 paths and different maximum Doppler frequency (). In 

the figure, 4 time slots means the number of the downlink 

time slots. Even though multiple time slots are allocated to 

the downlink transmission, the downlink time slot used for 

BER performance evaluation is located at the 4th time slot 

from the uplink time slot so that the time interval between 

the up and downlink becomes 3 time slots. As shown in 

the figure it is noticed that the simulation results agree 

well with that of the numerical analysis. Fig10. shows the 

Fig. 9. BER performance for 4 paths (1 antenna, 1 user)

Fig. 10. BER performance of multiuser for 2 antennas
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Fig. 11. BER Performance for various number of antennas

BER performance of multiuser for 2 antennas in the case 

of low Maximum Doppler frequency ( , 1 time 

slot). Fig.11 shows the BER performance of 4 users for 

various number of antennas. From the figure it is shown 

that as the number of antennas increases the BER 

performance improves even if the channel estimation error 

exists.

3. Multi-Antenna and Multi-User

Fig.12 shows the BER performance for amplitude error. 

This is the numerical analysis results for 4 users, 4 paths, 

    and 
  . As shown in the figure, up to 

10[dB] the BER performance degrade gradually. Under the 

condition for amplitude error it is noticed that the effect of 

Fig. 12 BER performance vs. 
 [dB] (

  ) 

Fig. 13. BER performance vs. 
 (

  [dB])

antenna diversity is large enough. Fig.13 shows the BER 

performance for phase error. This result is the numerical 

analysis one for 4 users, 4 paths,     and 


  . As contrast with amplitude error the BER 

performance degrade rapidly as the phase error increases. 

It is also found that the BER performance can be improved 

by using antenna diversity for the case of phase error.

Ⅳ. Conclusion

The MISO-Pre-Rake CDMA with channel estimation 

error has been analyzed for multi-user environment. The 

phase error model based on Gaussian distribution has been 

introduced to the numerical analysis from the result of 

computer simulation, which is similar to realistic channel 

condition. The BER performances have been evaluated by 

theoretical analysis and compared to that of the computer 

simulation. From the results, it is found that the 

performance of the Pre-Rake system is more severely 

affected by the phase error than the amplitude error. Even 

though the Pre-Rake system is affected by the phase and 

the amplitude errors, the BER performances have been 

greatly improved by using the antenna diversity.
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